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ABSTRACT 


o£ 14 e-Misonidaxehe in tumor- 


The biodistribution 
bearing BALB/C mice shows that radiolabelled-species are 
Unat orm yi edasbributedmalmostragmmediatelyoatter pngection 
bote that wthey -beaveyal ly normalp»bissues ~rexcepy cthesduvers, 
Con ceereaver «extents than from the tumor. The clearance of 
pheaslabeimehnas 2 phases: aerapid initial clearance,. (43 
minute half life), followed by slower 55 hour half life 
phase. sluner) to “tCassue: ratios -are enhanced by multiple 
dose administration. This enhancement could be related to 
Piempeesence Of Nypoxve cells ian cunors. 

MeeeneCe pny pexie “cells “ah -the -wumer “alone, are 
Cons1dered, ~rather- than the tumor as’ a whole,- che. amount 
Seemisontdazole, bound joo them would result inva tumor to 
Mmastie mit ali Ot 950) SCO (over S100) for Gsansle for multiple 
fectei1ons,, respectively. Such ratios would, be more: Chan 
BOedUACemenOlL Use. sor One vdricr as a ®Clanivcalie tool tor 
investigating hypoxia within tumors. 

Lsoproverenol as Used to induce myocardial antarcus 
inathe whearvs OL mice. Associated with (such antarcts is a 
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zone of hypoxia or ischemia, and C-Misonidazole appears 
CO MNaVveran arliini ty ror these hypoxire zones. There: isa <2 


Dold inerease in uptake of misonidazole an the hearts of 


isoproterenol treated mice compared with controls. 
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Whole body autoradiographs provide a visual demon- 
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stratvionntot thelr biodatstrabutiond of C-Misonidazole in 
BALB/C mice. They illustrate the heterogeneity of tumors 
and eprovide an independent contirmation of the biodistri- 


bucion data’ obtained wi thr ainquid’*scintallaciontveounting 
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INTRODUCTION 

BeCatise. Ole che, variabiiity: “or, blood supply to..a 
tumor,, there are various, degrees of oxygenation in its 
Colle Slo). Tumors wean develop. rather ‘quickly, and the 
blood supply may not be adequate to supply the needs of 
the,,entire tumor. Consequently necrotic regions, result. 
Adjacent to these necrotic areas, is a zone ,of cells 
distant .from blood vessels, stow in oxygen content and 
DULL enks. DUG sStiiweevaanle,. JAdjacent Lo Une capillaries 
within a, bumor are the healthy proliferating tumor cells 
which have access to a good blood supply. When such a 
wumor 15 arradiated the oxygenated cells _ are most readily 
iiliebedsniy Che. SLonizine “radi ataon. she ynecrotre core 
consists of dead cells and cell debris and does not have 
Proliatverative, Capacity “SO 1S of no concern. It. as the 
hypoxic cells, resistant Co = the: | lethal) Bertects” Vor 
raGgliviow.e thndt Limit seradtcavlons Of tne tumor. Onee the 
Ooxyeenated cells, have ,been killed the hypoxic cells may 


become ,»meoxygenated and resume growth. Lt as thought that 


hypoxtc, cells become seoxyeenated during, a tractionated 
Course. or clinical radiotherapy making the raditocure. of 
some tumors possible. 

Lost eovypGX) Cs Celie rare amractorein -Chescurabd bitysor 
fOr Ss Dy PadiatlLonwnias. been the conclusion. of. several 


studies. By using high pressure oxygen during radio- 
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therapy, clinical investigators showed an enhanced cure 
rate, which they attributed to elevated oxygen tensions 
ip tne = buUMOrSs = "445 40,7 ). VANOuer prece’ “ot ‘clinical 
evidence! 1s, a) suudy which ‘showed that low hemoglobin 
bevels correlated Fwith hregh recurrence rates atter 
radtotnerapy in Carcinoma. of the cervix (3). Hemoglobin 
levels elevated by transfusions before radiotherapy to 
over 12g% to alleviate anemia, resulted in an improved 
radaocure trate CS )e°which could have been indicative of 
improved tumor oxygenation. 

In addition to using oxygen as a sensitizer for the 
hypoxre celle an tumors, drugs which mimic the efiect. of 
oxyeen can) also. be used: Chemical radiosensitizers have 
a potential advantage over oxygen because they are not 
consumed by respiring cells as they diffuse across the 
tumor ib oes Thus a more uniform concentration of 
Selic hu Zee across mune CUNO = VvOLUNeG Teale poOcentdally | be 
achieved. Such drugs include metronidazole and misonida- 
Zole AMiSO). Clinical studies Wsine metronidazole, ‘prior 
co radiotherapy. in patients with glioblastoma multiforme 
showed improved survivals over those patients not given 
the drug (9). Since this first study with metronidazole 
there “have been “numerous clinical trials’ and studies 


imveciatea tor both metronidazole and MISO ©<10-22)). 
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To vdemonstrace that hypoxic cells’ are a factor in 
tne Cradiocurability of a tumor, tumors’ were made hypoxic 
apciianecial by Moverbvecking blood: supply (20) .or killing 
animawer Dy ~asphiyxmavaon (27). (prion to i9radiatiaon. The 
different surviving fractions indicated the degree and 
importance of hypoxia in radiation resistance. Survival 
Can, pe devernimedy by observing tumor growth post 
Ui wen (2c Gime Dye tl (Vitro massa yS OL sSUt viva ne 
fractions (29). Further evidence of hypoxia in both human 
and animal tumor models has come from measurements’ of 
Oxygen concentration within a tumor’ using oxygen elec- 
trodes (24, 253. 

Another means of examining the functional archi- 
CECMire Of ae CUNeCl BainVvVoOlves sa her hingecurons Of a Tradio— 
actively labelled radiosensitizer such as MISO into a 
tumor bearing mouse (30). The drug is injected over a 
period Ot Gime Co enhance the banding of. MISO to the 
Wypoxic tassues, After a 5 hour exposure to the drug, sand 
Zoe MOUS COe allow ror —elaminde on OL sunboundeMisoO.. the 
mouse was killed. The tumors were removed, washed in 
saline ‘and faxed in formalin. Autoradiographs of these 
Cumores — clearly demonstrated that MLSO "does; reach: ~the 
Cuno wana ~tnhaw tite pInas. tO what: are wemost probably 


hypexac cells. ihiewassertion as ‘based on =the: location of 
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the high uptake of radioactivity between the necrotic 
core and the peripheral oxygenated cells. These auto- 
radiographs also demonstrate the heterogenous uptake of 
MISO an Cumors as compared to the homogeneity found in a 
normal. baissue. stich as laver. (See “Plates A and’ B). 
Autoradiographs of a CeM onder ol e (XCM sO) labelled 
multicellular spheroids showed similar results. In vitro 
experimenus, have shown that MISO ds, preieréentially bound 
to cells infavnecgorzen~ atmosphere 1m. hiveher fanounts than 
that bound ®toesimilar ce Wie tipsoxy cen, 260. (See: bac .eu ) . 
This suggested that MISO might be developed as a marker 
for hypoxiemecedti 

Tannock (31,32) has also demonstrated the presence 
Of hypoxia neecumers@ bye tchitin vane  piLoubreraging. Ge ls 
which had Sireovnonracged Tee hamnidine:, ang » the =necrotic 
core which had net. Intermediate tofthese two areas was a 
nonprolifteRabine) P7ene OW tne OX Veins COnvLene.. sw ch 
consistently had a lower labelling index. 

Results from these and other experiments have 
Strone by ‘suggesved, that hypoxie. cells) are presentl. in 
tumors, that their presence affects the seradication of 
the tumor by radiation and that hypoxic radiosensitizing 
drugs increase the radiosensitivity of animal tumors. 


Whether the canount-wor MIiSOs that. binds to hypoxic cells in 
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Plate A. Autoradiograph of EMT-6 tumor exposed to 
14c_mrso, demonstrating the heterogeneity of the 


tumor. 
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Plate B. Autoradiograph of mouse liver exposed to 


14¢_mtso, demonstrating the homogeneity found in the 


Biyer 


dna, 4@fhare Tah 


¥ bivieixn'| exiSuoeygomul wf) ani tes ta name 


0 | Cot 1) cd 
TIME (HOURS) 


140_ Miso at 


Figure?’ 40> EMT-@ ‘cals “Anetvatedt= With 
O , ; ; 3 5 
yee © mm arr, ~“ande=in Titrocen | 8A, So cells/sample), 


MoO LS prererent fanly pound co celts Aanknaetrogcen: 


,  £° g>0 9 
(29UOH} SANT 


non alta uO i. oe 
| ?- j ; 1 igs ‘vi srr 
; 
' uk art ji na Bead ei rae PHO ST ary ai oe : 


in other tissues was not known. If it could be shown that 
the amount of drus ‘bound .to tumors was significantly 
hagner Chan all normal, tissues, this property might be 
expLorcea, Clintcallve Tor the "devection. Ob hypoxic “cells 
ine human) cCumors, (la) 11 <a gamma emitting radionuclide 
With appropriate halt life and energy could be attached 
to the radioséensitizing drug, the distribution and extent 
See nypOxic, ZOnes Within -a tumor could "be displayed, by 
Non-Invasive mecviiods — using nuclear (medicine Cechniques 
CeO.) thas. would “bes extremely valuable, not only 
because of the heterogeneity within the tumor itself (27) 
but also because of the variability among tumors (34). 
UnGe set nLormmacion mwas) Obtained saboul. the scumor,) Che 
Chetapy recimen could pe adjusted according to the degrec 
Otenyooxia wathon Che taunor.. ft avsienwitcant, portion of 
Cicanuumor "Celveware Biv poxiC .radtvavion sensrolzers, used 
Co venbance Cell death an the hypoxic zones, would amprove 
the schances @Lor a «cure. An 1deal, gamma, emavuting label 
would have a half-life of about two to three days, and 
WOULOsiOte Loe! Uness behavior Oln1.CheL Gre ina in drag .0) Lt 
also should be of high enough energy for detection, and 
NOG emit lany particulate radiation which would contribute 
CO, wethe Gradiations dese without. providing s additional 
information. The half-life needs to be long enough to 


altow elimination “of the unbound) drug yet remain in the 
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trssue to provides tanhistonaly forthe assay. Such a 
radiochemical might be bromine-77. It has a half-life of 
57 hours and is produced by bombarding arsenic-75 with 
alpha particles (35). However, at present, there are no 
bacilities in®Albertarcapablei‘of producingaébromine=77. 
With the. longs terms: goal of) i developing aU'gamma- 
Vabe bie dAtmarkers formhypoxa chcel lsvuntaumorsnin mindy che 
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researc 'déseribed tin this «thesvs *with C-MISO attempts 
Go ‘answer Vseveralyquestions lt sdéealsiewith ‘the techniques 
Fequireaguetorns iIlaquidse@iscintillation counting and the 
constrect romoroPpoatquencirt *eorrection “Seurves': ike also 
examines Othe Wardours.. vy pestror i quenching *®encountered in 
Brauwid “scimntibPationtcounting =. tsihel whole ‘body dastri= 
bucron,. HeCpart1 cular bye" tat pakonge& times), Yoo T4¢_mtso in 
BALB/C mice bearing EMT-6 tumors is measured and it is 
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also shown that CeMISOT Géan © beteselectively ©bound to 


Bypowucmetirssucekasrder irom that Pound an ttumorseu tihe 


hearts of BALB/C mice were rendered ischemic by the 
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administration of isoproterenol. C-MISO is then 


imjected landksuptake monitored thy liquid? scinti llativen 
countaune rot Vehe hearts Vande by autoradiographs. cihere «is 
also'vativisualirreprésentation Yof*the whole® body cdistri= 
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bucCtonmtor she C-MISO by whole body autoradiographs. 
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MATERIALS AND METHODS 

Animals 

All animal experiments were performed i “Cae 
Rearoptorogy —nnina = Laporavory * "a7 “tthe 7eCross = Cancer 
Institute. Female BALB/C mice were obtained from the 
breeding” stock of Untversity Animal “Services, “Edmonton, 
housed at a maximum of 5 mice per cage, and fed rodent 
chow (Ralston "rurina Co.) “and “water “as wdesired. PAT *mice 
wetghed 20°to 25 6 at time” of “experimentation. 
Fomor’ Lane ands Induceron 

The tumor model selected was the EMT-6 tumor because 
Peete KNOW GO —tave ay stenrrereant’ hy poxte traction’ 01 
BDoOUoe Os 45 CGO). ihe =ainveeriuy” ‘or, them celine iine. Ass 
mainvaried™ "by alternate epassage’ an” vivo “‘and?Sin' vi Crore 
From two to four’ tumors are implanted subcutaneously in 
the?” fWanks 74 of PV BARBY CPA Temale re nice “by Wijectaon of 
approximately 2969 EMT-6 cells in 0.05 ml Waymouth's 
meatum (Gibco "Laboratories 4" uberculin Lal) *syrances 
(Becton,? Drckson ’ &- Co.  sand**2o fcarver Ry ol) tYa le «needles 
(Becton, Dickson ‘and’ Co.) ‘were ‘used. After’10’ to 14 days 
che Cumors were appr oximace Lys IMevo™ “ems ain™ dLamever™ 
Measurements are approximate because of the irregularity 
of tumor shape. Autoradiography ‘of histological ‘sections 
from some whole tumors was obtained. Tumors showing skin 


Necrosis were nov uUsear in Ciese ~experimenvcs. “Ihe mice 
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were killed and the entire tumor was excised and weighed 
bebone (being fhomogenized. 
Caquad }Seintiidaci onseCounting 

When counting beta particle radioactivity, the,sample 
must «be,tcompleteday emixedywatharthe.¢ligqurd-seantilbation 
eocktail: Thais .was,j,achaeved <by-.finst shomogenazing ,the 
Gissues,using a>*.lben; Broeck,;Tassués Grinder, spe brand, 
tiene mCapacitye sb usher San entasiic,, Cos we (Nd heayparts,.0f 
distilled water -wwere added to the homogenized tissue to 
effect recovery of the sample.) The homogenate was mixed 
theroughly qabefore LOOpdiyalaquots were advssolvedjine) mi 
ef.potassium hydrexide (QCertifiiedsdA. Gy S »peddhets,, -Fasher 
Senenvnttce «Co. he ThewKOH pedhetssehad been, dissolved nin 
drstulLedjwater ito make wpr,er INi solutions ThedsamplLes; in 
glasst schnontaddetionf vaailisiec(Fisher | Scaentaficr Coos swere 
then? aputienon ani ntautomat hc nushakerpny forsetonesdday, tbo 
facilitate dissolution. After the samples were completely 
dissoliveded laa mlae INethyarnochdoricehreacadsy) (Certatazed LY 
so1016i0n ¢~ (i200 2,0.008 | N OydviishereoSedentaticenGoe), wwas 
added -.ito} cache vo? provader aad neutra lnasolutiion. of oy |Ghe 
neutral ,solution,.was,.added, 15. ml Seton eas Sein et 
Verse (Fisher Scientific Co.). The vials were capped with 
poly cee liner (caps. (Fasher Scientific Go.) and «shaken 
toethoroughlyymax the freonterts, beforej beang Loaded yinte 
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samples were counted with Program 4 which designated the 

channels. ast ollows: 

Channel A lower limit 0O Channel B lower limit 397 
upper limit 655 upper limit 655 

The -counter ceneraved, quench correction (factors, ftor;,each 


# 


sample: H” and sample channels ratio (SCR). Samples were 
each, “counted for 10. minutes. (Background .vials,. vials 
Containing everything but radioactive tissue, were 
counted with all samples. 
Ouench Correction Curves 

Tiesinwerent. Variability 2nycolor and composition, oL 
Che tissues compared in this study necessitated ‘the 
construction of quench COVrect1on Curves. Because 
efficiencies will vary among tissues, it is desirable to 
Peper the amount of radtoactivily, in disintesgracaons per 
minute (dpm). Counts per minute (cpm) detected by the 
counter will “vary ,~wachabhe counting efiiciency of each 
sample and so do not indicate the absolute amount of 
PAGLOoaAGculyIty | Preseny . OUeCNClMm COLECGuLOn, Curves “were 
generated in the following fashion. A homogenate of blood 
and liver was made by removing each from freshly killed 
BALB/C mice. The liver was minced up with scalpel blades. 
ine  bibood and) laveraiwere, then. put 10 eae so ml Vsyringe 
(Becton, Dickson & Co.) and the mixture was’ pushed 


through successively smaller needles until a fine paste 
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resulted. Aliquous ranging from O,0le’ “to O.12° ¢* were 
measured into preweighed vials and then dissolved with 1 
Mie eN KUL Dy -agicavine the Capped, vials “on an automatic 
shaker. After sample digestion was complete, the samples 
Weresenetvurd tl! 7eUewhun: “lee Miuartn sHele A “Kkiiowm amoune OL 
Padroactivity was added “to each vial “by micropipetting TA 
MISO invo, €ach “Or =the vials. This”™was” fol lowed’ by the 
acdruron of “> me Seines Verse. [he vid ve .were “all shaken 
Vr corousty=*co thoroughly mix the contents, resulting in a 
clear “solution “of a color varying ‘according to the ‘amount 
of homogenate within. 

ine ~ Counting erlicrency — and corresponding quench 
€orrectton--lactor™=tor each sample was plotted on linear 
eraph paper. "The “counting eErriciency was Calculated “as 
follows: 

CrLLGrency =" com Oooserved 

dpm added 

Po “ensure ‘Che validuey ol the quenchs correction curves 
Torche experimen, samples Of all daittrerenv tassues, were 
taken. and “created an “the same “way Pas “the bicod— liver 
homogenate. Results were’ plotted on the quench correction 
curve. 

For the biodistribution study, dpm were determined 
with the following equation: 


apm “= “cpm tobpserved 


COUNTING eflriciency 


Tow B 


iw 


<t. 


aly Loaath 


mia Vast ine te * ito 


* rote ane 4 


Le. 


phe rh 


Micra 


vg imanoim vd Tees ies 


'? 


t 
é 


sve wee ew a 


74h 2idl afeiv ada to” 
etaiv sHT eed finvoR | 


asines aid #14 


7. imedo mqo : 
— a 


bin arc ly 


onvup off fo yeah iay 


bib [le Yo Selghsa | 


, - iJulg 879" Sea-e 
- 


ica! No v2 mat nrdirdd be 


— 
(Hoa Jeups Be 
lwevrseda 4 

a 

\Sioiti® en 1 


14 


Counting efficiency was determined by using the quench 
COrrecsiion Tractors torcorrelateswath.an .fficiency on the 
quench correctiaony curve. 

Drugs 


140_mrso PST VAES ati en cer 


Hotfmann;,LaRoche supplied the 
l-imidazole)-3-methoxy-2-propanol) labelled in the 2- 
posi taon, of the simaidazole scing..lhesspecific activity, was 
145pCi/mg. A 10mM stock solution of the drug was used for 
ald theeexperiments.< 

DL-isoproterenol HCl (1[3",4'-dihydroxyphenyl | 
2-isopropylaminoethanol HCl) (Sigma Chemical Company) was 
dassolved anysaline immediately before use. 

Injections of Drugs 

Atdsas dkhucsyawene qwingjgected=s.waith ile mils abubernculiin 
syringes. .and)25.gauge 5/8" .meedles, (Becton, Dickson & 
COs)nantraperi tonea,.ly . 
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For single dose MISO work: 20ng C-MISO/g mouse 


Fora mulLoipleydose MISO worl: 


time 0 20u¢g eA SSO e mouse 
time 45 min 10pn¢g 14¢_mMIso/g mouse 
time 90 min 10ug Sa CoM TS O4e mouse 
time 135 min 10n¢g B1GlMiLca/ es mouse 
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day 1 75 pg/g or 200 pg/g mouse 

day 2 Time 0 75 pg/g or 200 pg/g mouse 
Time 3 hrs 20 yg/g mouse (14c_mtso) 

Q's 


Time 4 hrs’ 10 pg/g mouse C-MISO) 


Time 5 hrs 10 pg/g mouse (+4¢_m1so) 
Biodistribution Study 
After(isawtwselected ttime «periods, (30-i minutes! to-.72 
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hours), following single or multiple doses of C-MISO, 
Sheemicerweredki1 bhed thyencer vacaleidisitocataon. SamplLes,,.of 
normalletissuenstwere snemovedert rnomnblood;«. heart),,) Lung, 
liver ; spleen, kidney, stomach, intestune, colon, 
bilzdder #lLovary mands uternus,: fats, enuseké;eand«< brains. When 
possible,” ‘entire worgans’ twene;oremoyed! to. avoid regional 
Vantatwvons 4 Sene® uptake-—wirthin--organs. I hes-exceptions to 
ties were the colon, intestine; ‘musche “and fat. Gut 
contents were removed before homogenation. Tissues were 
removed to. preweighed vials and one in ten dilutions with 
distilled water were made of the, homogenized tissues. 
Multiple 100m] .aliquots of each sample homogenate were 
fPaken, and dissolved in JL ml iN KOH. Samples were «closed 
tightly with polyethylene lined vial caps and put on the 
automatic shaker to racibitace disso Pu taon. Once 
Bissoliveda,.) ml INViCiIswasvadded followed by the addition 
of 15 ml Fisher Scinti Verse... The vials were shaken 


vigorously to ensure complete mixture of the contents. 
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Homogenates of tumors were made as with normal tissue, 
and were treated identically to the normal tissues. 

Vials were loaded into the Beckman LS 7000 Liguid 
Scintillation Counter. Background vials were counted with 
the samples and environmental background counts’ were 
subtracted “from seach “ot “Che raw ‘counts before any 
calculations were done. Once counts per minute and quench 
Correction factors were obtained, efficiencies were 
determined from the quench correction curves and actual 
distintegrations per minute per.sample were calculated. 

The; AMoOune. (OL activity in the tumor compared Go the 
amount within normal tissue was expressed as a tumor to 
PEssie ratio. It was calculated as follows: 


tumor to tissue a ee Oe eae 


dpm in 100u1 normal tissue 


homogenate 

Autoradiographs of Hearts 

EXDerimentes UsSime auloradzographs, required that. the 
tissue be put in 10% buffered formalin after removal from 
che mouse. The rormalin was. changed every day for 5, days. 
ihe, etissue was. then embedded |in™” paraffin; > wax) and 
sectioned. Sections mounted on the microscope slides were 
dewaxed and then dipped in liquid emulsion (Kodak NTB3), 
isang ).a, darkroomas =o 1des “were placed: gins lightproot 
containers for 3 weeks and after development of the 


emulsion, the SeECL1ONS were stained with the 
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henmavoxylin-baste sruchsin—-picric acid (HBPP) stain (37). 
This stain demonstrates myocardial ischemia. 
Autoradiographs of Tumors 

ape the autoradiographs of tumors, mice were 
injected according Go the following regimen: 


CMI SO/ 6 mouse 


14 


fame © 20412 


C-MISO/g mouse 
14. 


Tame Whoa eos 


Time 2 hrs 10 pg -MISO/g mouse 
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Time 3 hrs .o)0) ec C-MISO/g mouse 


4A CoMIsO/e mouse 


fee 4 is eel 
The mouse was ‘killed 24 hours after time 0. The. tumor 
tissue was removed and washed in saline. The tissue was 
treaced exactly the Same way as the heart tissue, except 
after development of the emulsion the slides were stained 
with hematoxylin and eosin stain. 

Whole Body Autoradiographs (ARG's) 

Lis e procecnre sainvolvedMrreezine OL (Une smouse a1 
liquid nitrogen immediately after death. The frozen mouse 
was then embedded in a block of methyl cellulose (Fisher 
Seienvitac Co.) and lett to freeze solid) for 20 minutes. 
The microcome and’ blades were-all\ kept ana freezer’ for 
the. entire process, of ‘sect roning.. The .block containing 
the mouse was put on the microtome and 204m sections were 
taken. In order “to ‘remove the .section from ‘the block, 
SCOvLechs 5M tape was "used cos litt. the secvuson cas it “was 
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drying beads and returned to the freezer. They were left 
to dry for several days and then the sections were put on 
mammographic film. The sections and film were kept in the 
Preezer until the appropriate exposure time had elapsed. 
The films were then developed. Whole body ARG's pro- 
cedures were performed at Brookhaven National Laboratory 
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CHAPTER ONE 
LIQUID SCINTILLATION COUNTING 

INTRODUCTION 

Because carbon-l4 is a beta emitting radionuclide, 
Li quidiiseantadilatson, countingatechniquespare,,requanedi for 
the. measurement of drug uptake using the drug thus 
Zabelled: Thasppentaals+h}a certain  amount...of + sample 
prepakationsFf bit. cam tbejas welrable hand .reproducible sas 
any) direct’ measurements--ofs other, forms -of jradioactivity 
SuCDeas ganmta.emissions. Of athe pbéetacematters.,using the 
carbon-labelled,..compound sis preferable .to,, using ,the 
tritiated. compound. because, ,.of,. carbon's, higher, energy 
(0.159 MeV Emax for C-14 compared to 0.018 MeV Emax for 
Hosvaerus>) at Makiney ideewess, subject.ited attenuation, by, 
quenching. Quenching is inGenterence «<-with. ; counting 
efficiency (33 ))5 iy elagquid sése@epntei 11ation -p.countings 
fcounwsse fare) generavced by the beta particles excitation 
or solwent molecules. The jbetagdpartichLesi are immersed,an 
ane aromatic sSsolwwenG which; hastpi .hbectronssieasily, excited 
Dypthesnadrat ton tpiheyexcivati onl of thensolvent molleculés 
as? themitransGferredn tayrsoluve:r om scinti lilantiimolecuwl es. 
Laghb« photons «are (emitted ,by.,,the,, solutbeparypon.Fdeexca-— 
tataonsry Af Ger: tamplagkication, wehe, photons, are detected: by 
Ceancidentesphotomdtiplrer. tubes, (39) aaeAnything,athat 


LnbeclLeres,awith athe, production, .of,)licht (photons.< by. the 
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solvent or the detection of the photons by the photo- 
Mec plier “Cubes, Ts sald co quench or reduce counting 
erficrency . 

There are various types of quenching. Chemical 
OUeHneCnune ancerferess with (he: transfer] of the beta 
particle's energy to the solvent by accepting the 


exciavcavion Of the radiavion withowt, the emission of Tight 


(40). Chemicals that are more easily excited than the 
solvent molecules are aliphatic ketones, amines and 
halogenated compounds (41). Dilution quenching also 


iieerrores, With guhe production of photons (40); 9 But 
Father than chemically interfering with the energy 
Cansruer at merelhy sprevenus, tle excited molecules  1.r0m 
Ponizing the excitable molecules by separating them 
Diy stieally.. Alephavwe, Ethers, esters (and ~alcohols-. are 
Gtliwwers oa 1): 

Color ~quenching will ‘reduce countungs efficiency 
because IG) anverfLeres with the optical detection of the 
light photon by the photomultiplier tubes (40). There is 
CulLTCteno. (DeCOCUCTAZ ON (On TL 1enU. DULL. Leo siserabpsorbed by 
EG@lore 4 ones SOlMuCIOn. sRedwcolors are. CheymostveriecuLve 
absorbers of “the emissions, whereas blue "colors are the 
leastan ei vective (42). Thess form of ~quenchine soccurs 


because the emissions match the absorption spectrum of 
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tie.) CoOLor. sODViLOlels, a clear colorless ‘solution: 1s 
Gecirabie to avoLtd covor quenching. 

QUenchinee Cane pes aue! Co, Other "physical factors as 
well (42). If chemradi1oactuve material is Gnsufficrent ly 
Uaeested CO; Dew im anvimate contact. with the solvent 
Molecules, SOMe sbeva emissions wall be absorbed by the 
tassuc., rather than —tontze solvent ‘molecules. Complete 
Gucesvi1on Ob the sample and its “uniform “and intimate 
ikaw oll Vile woe MiGtitat1 Ons solvent. OF LEluor are vita! 
Bor accurate counts to be obtained. Surface absorption of 
radioactive molecules onto the vial wall reduces counting 
erivciency by up to one halt... Ihe counting geometry 1s 
changed from that of a sphere (4 pi geometry) completely 
wInerseecd. ana surrounded by solvent, Go one half. of “a 
Spueme (2 (pi) -expesed Col tne, diquad “scintu1.lation 
Cocwvalu. OUChChINZsalso, resuLus, when, Che sample precipi — 
tates out of solution. Phase formation will also decrease 
counting “efficiency because the radioactive molecules 
will” be unevenly distributed between the aqueous. and 
nonaqueous phase. Only the radioactive molecules in 
Convacl. wien Che SCinta Ulavion cockta1 ll will be detected. 
Many of these problems can be alleviated by proper sample 
Drepdrarton. Come Slaccors, jsuch as sample=precipitvacion 
and phase separation can be easily detected when using 


SLassrseinyLlaGLlone vials. 
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Glass scintillation vials have several advantages 
over the rather opaque polyethylene vials. Although glass 
Vea l's) saarend expensive gand4 thei. disposal,.~presents)}..a 
probkem..yninreculapictaes, wathane the .vaal tcan.abe seen. 
Offending  sampleseg.can,. then.»;be eliminated; ; irom »;the 
experiment... Glass. vials.,,are impermeable. to ..solvents 
whereas ~polyethy,Lene,vials-.may, allow, fluor :to..seep, out 
Ceawlihas wouldpssresm) @yin. a. ,eradnal, loss of: counts. jas 
well as Contansaas On wot. “Che Di auade wesc nis lation 
counter. The counting efficiency in, pLastic vials, may, be 
Qe ew, pers, cent, .~lLower,,than. with +j¢glass.; vials. due, to 
absorption Ot. lighiwG42).. This,is.aymore critical, problem 
whem ,dealing .with..low ,energy.,7iemissions « Polyethylene 
line@igwaall .caps.pwene museduecrathenr ,than,, £oil.iwuned, ones 
because foil, is attacked by the. basic reagents used to 
CisessOL Ver estussuie.s, (443). This contaminates the sample 
resulting tin.severe j;quenchang. 

Ever <«vhoush »»precautions. aneujtaken. to. «prevent 
excessive sample.~variability.,, the anherent variability in 
color.,and composi taon: sot..the. tassues.;used, in. a, :biodis- 
tribution. study necessitates »the: userof quench correction 
methods. Usang iquench «connection. curvesiwas preferable «to 
the internal standard, quench, correction, method because ,it 
has been shown to be much more dependable and accurate 


(45). The internal standard method involves adding a 
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Known, samoune Of Tadioactivity to each sample vial to 
determine the counting efficiency of each sample (46). 
hes svandara must oe. added to the same phase that the 
PdeVOdeCulN) yas ite andes Gomis De added), to each, vial. 
Pache Vial emus Ce cunenes De.  COlulted, a. «second. came. This 
DeEcones, Very jCamer consuming. | lhe sample: cannot. be 
recounted Or recovered oncé standard has been added. 
Opening the vial to add the standard may add contaminants 
which act as quenchers. Water can be a strong quencher, 
and opening a refrigerated vial ,to.add the standard could 
tead to condensation of moisture in the vial. This method 
could) also. be expensave, especially when dealing with 
large numbers of samples and samples with high activity. 
Quench correction curves: are thus ‘preferable to the 
mivernal standard “method, @r, quench. correction.  Usang 
quench ECOrrect lon bacvors ands “CubvVes, LOn NAeCermine 
counting efficiency involves the use of many observations 
at. Vabying sample concentravions Co, (samulave the variety 
encountered in an experiment (45). Plotting a quench 
correction, curve samplities the assay of the experimental 
samples because samples only need to be counted once, and 
they Ware not disturbed once they have been) prepared. In 
Chis thesis, the quench correction factons generated by 
the Beckman LS700 Liquid Scintillation Counter were the H# 
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and sample channels ratio (SCR). The H’ is a measure of 
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the shift of the leading Compton edge of the unquenched 
external standard spectrum to the quenched external 
Standard Spectrumy (39). The standard 1s an external 
standard of pe) T33R,. thes oas- Tan wmeaLeatvor sor, the 
Spun ther sample sopectrum. Ihe sample channels ratio 
is a measure of the change from the unquenched to the 
quenched sample spectrum (47). Rather than an absolute 
VabUuemera Ke Che HT Mo a facio. -in vehe Beekman liguid 
SCinvuLi lation, commver., 


SCR = Counts -im channel 5 


Gounts in’ channe. A 


Therefore as quenching increases the SCR value will 
decrease. <A drawback Co jthe SCR quench correction method 
is sseen “with Tow activity samples which require ‘often 
unreasonable lengths of time to accumulate adequate 
COUMeESs LOD june: GarLo CalLoculaoLon. OCcasionalily ites not 
possiple to get a “statistically valid SCR because of low 
counts. 

mie advantage On Tehe, use) or 9 SCR quench correction 
curves is that the type of quenching agent has little or 
no, errect. on the ‘type of quenchine thatvroceurs (40,46). 
Hence, one curve can be used to correct for the presence 
of different quenchers and no distinction need be made 
between color and chemical quenching. Once the curves are 
generated they are available BOP US Cee il wera tiga cine 
experiments described here and allow for conversion of 
the ~cpm generated =by thes-counter to dpm required” tor 


comparisons. 
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RESULTS 

After the preparation of the quench standards, 
quench correction curves were generated. The counting 
errvetency and ‘corresponding guench correction factor for 
each sample” was “pkovted on linear oeratph “paper. The 
efficiencies ranged from about 50% for the dark yellow 
solutions with high amounts of blood-liver homogenate to 
about 75% for the collorless solutions. (See* Fig. 2 and 
3). 

To ensure the validity of .the quenmeh correction 
curves, for the experiments of this thesis, samples of all 
the damierent tissues* were taken and treaved in the same 
way as ‘the blood-liver homogenate. Efficiencies were 
Calculavued sand. plouved ston eche “quench (commect1one curve. 
There was good correlation between the blood-liver 
homogenate and various “tissues, indicating that the 
curves were suitable for use in this experiment. 
DISCUSSION 

Good correlation was obtained between the sexperi-— 
mental samples and the quenched standards’ used for the 
construction of the quench correctiom “curves © These 
quench correction €urves\were tised inethe “calculation of 
efficiencies throughout? the gexperiments of this thesis. 
Efficiencies: of 50 to 75% are lower than’ the 1deal’ value 
of 90% efficiency for C-14 (39). However all values were 
econverved to dpm, so the “Lower efficiencies would be 


accounted for. 
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CHAPTER TWO 


DISTRIBUTION OF ot 


C-MISONIDAZOLE IN BALB/C 
MICE BEARING EMT-6 TUMORS 

INTRODUCTION 

The pharmacokinetics and metabolism of any drug play 
Mayor roles \inearCseb1 Odi suributron:  becauses they were not 
specifically studied”in the’ experimeént's of ‘this thesis it 
ho Valuable to-rTeview previous sthdfes?or- the métabolism 
and “pharmacokinetrves’ of MT>O and“other sensitizers 

Phere *‘are several eeways fol’? ana byzine “Na4edrus’ s 
Denavior. “Assay stechniqués for nitroimidazoles include 
high performance liquid chromatography (HPLC), gas-liquid 
Chromaveerapny § (GLO). ="thin—lLayer™= -cnromatoeraphy:” (TLC), 
polarography, CoOMOl TMeLry . uv spectrophotometry and 
Vad1oactive tracer study "(50)" The “specificity “ot these 
assay methods range from separation and quantitation of 
metabolites to a measurement of “total drug present. When 
site a radicVapelved “druc, there” 1s ay determination or 
Wie "Delay Tor. and Suis cr 1D Urol SO ) fale eT adtorape led 
species, whetner “vhey “are* the ‘active ‘moertvies ‘or not. "So 


14 


m= loine “this **biod¥stvrtbuoi on study with C-MISO 


14 


references: to’ biodistribution’ of C-MISO actually refer 
to the *4c-label. 


There are various routes of radiosensitizer adminis- 


tCratron.) iJncCravenous aAGministration results an anstan— 
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taneous (destribution sor ~tbhe ,druc within’ the” central 
Compartment ory the, sbody. (50).> This. ancludes highly 
perfused tissues and the blood. The drug is then 
meuabolized |) ands excreved, and ‘enters the, peripheral 
compartment (skin and muscle). After an oral or intra- 
peritoneal dose of sensitizers, there will be a délay in 
distribution because there must be absorption from the 
site of administration. However once the “drug is absorbed 
the half lives are the same for both intravenous and 
intraperitoneal injection (49,50). Workman (50) reports a 
Hot late: for MiUSOn off 01.03" to. .0200 hour in mice .; 
Different half lives for radiosensitizing drugs have 
been reported by other workers. Chin and Rauth (49) 
Pepto a. Nalin glprewror “MISO0...0£ 1k too 4.55 hours: arcer 
intravenous or intraperitoneal administration in mice. 
After a dose of 0.5 mg/g body weight, they found the 
Pactoauctaveily rlabel leds iMIiS0 ~tor be widely “and “rapidly 
distributed ‘to all “tissues. Following’ oral or intraper= 
itoneal administration of drug, radioactivity levels were 
highest in the liver, followed by the kidney, spleen, 
heart, lung, testes, brain, muscle and skin. They also 
Pound. some Accunulatiom sof radioactivity Sin. the; “cut. 


Chromatographic analysis of liver fractions’ showed 


4 aes eh 

ine sal . 
- 

7 _ 

tartans ihe 

clagivt eobulomg 


ereead at oe 


Levotqgivay edd 


aise 
an 
KETO i lesa ae neat ge late 


= 
ni veleh « af Ctew, ove wiasitiense ip 
a ge) 


“oy ome? saeiv’eteedéa of Gauw -aradt saw iz 


~ n 
& 4. ie. 
a 


ie hie eee 


a - 
| Wiavitcws wee isod iw? smn6e etl cs hae 7 >" ~s 


hedieade « noth ett sono rzavewol 4 noida? 


La" >) nalwow , Oe, 7h) mol fost mt is ite sa 
oi Bene) 16.0 @2 EE .9 te oaIM ‘a8 both 


, ; Ty 
enuvh anisitienseotbheas 264 sovil tied tot 232 


- 
—_ 


 ) fogs * bite ry 7. J (ox*. Tow rect jo vd ' T 10H a 

ic aveot 2.0 pt - Y% O8IM 169 Stiles a 95 

_ | 

aottat%eionimbs ILssnocsiiesgsa tint 40) nov BS 

vyonJ iiercoaw vhod 2 per c .o ta one i 

flhigas 6 Lob iw od oof O#IM belisdel vis etioy 


usiwotio® .eaueeit {Ie ot bom 


i i ul 
i viéivesesoties .ndth Feo aol tansekmk 
: — 
val vi bewel | > ‘ 1evil ald 
ie ot] oive bee oloeum ,»,ntetd ,eoted 


7 (tows fteeolibsat to noite Lume 


" “zo 
Lowate horse meu 2 Yo @iavlane >. 
7 


30 


complete metabolism of MISO in that organ (49). MISO was 
largely ebiminated via urinary sexeretion®, as, well as 
Cxcretion wwathmunie cces., A darge portion of the actawvity 
eliminated? from the esut may have arisen from radioactive 
bile being excreted from the liver into the lumen of the 
gut. 

The metabolism of MISO results in several products 
(49,605). Metabolites are similar whether the drug. is 
Preven, £O humans Wor wnrce. They anclude unchanged MISO, 
desmethyl-MISO, an aminoimidazole and glucoronides' of 
Mr oO ee ai neg (CVA labels 16, tir uhe g2-position or the 
imidazole ring of MISO andsall measurements of MISO} and 
Mes Uderivagives "are associated with ‘Chis label. 

RESULTS 

Following a single dose (20yug/g body weight) of aoe 
MISO, there appeared to be three phases of distribution 
of the radiolabelled fragments. The first phase was the 
distributton to all body components from “the intra- 
Peritoneal —sive, Of minjecvion., Slhis, ‘was very, rapid —and 
essentially complete within 30 minutes. Figures 4-18 show 
that there was no further uptake in any of the tissues 
examined )-arcer S30 manuces. post injection. [he second 
piiase. coulda be called =the elimination of €xcrevion’ phase. 
There was a fairly rapid (43 min half life) elimination 
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Fig. 4. Anountyor 140_mIso in mouse blood 
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Eioay 2. cAMounts OF C-MISO in mouse liver 
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Pio. Wy. Anount oF C-MISO in mouse intestine 
COLrre] atl OMe COCLLLCLent: —0.02 slope —50.3)) for 


Pinal elimination. phase (post,.Us hrs.) 
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ie ludinc. | bheaneunoer. ~ ALM adout rn k2 ¢tCoss2d4fahoursd: post 
ingection, there was.a »shift in| the, slopes ,of,all,curves 
and seliminatdion Ofgetbhe radioactive (products? appeared, «bo 
sLow vdewnsalhe halb-lbte,scotf\thas ‘icomponent4 of the <drug 
ecllearance) «was waaboutes 5farhoursiiylopes, ofrethe t ikatter 
portion -of ‘the: ‘curves ‘(post 18 :hours), mwere fitted: by iia 
linear regression program, and corresponding correlation 
coefficients were ‘also -given for each graph. 

the + absolutes tamounts rvofmradioactavityehwithin tail 
PESSies « WaSasat itis:, highest 6 withimor 305 minutes + rafter 
injection.; Brain .and fat, had one-half to }two-thirds less 
actavaty Lhanpmost. Other £assucseat .the- 30,minutce «time. 

At alli tamesavat ter theps0emanute <ssampling+time tumor 
nadioactiivi Gy, dievels, were) substantia lly: haghem than: blood 
Neviel s .. -The,-blood4 haLf.1a.fe,p was cakculated: ato.,be< i360 
Mnutess Sluchtlinn diftierens,~fromeother, reporits feeds 0) a0 
ly ja chours, .( 49). 
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General trends were for 
nonndalsiyeasauve except liver to a greater extent than from 
thevitumor. Tissues involved in. the elimination of oe 
MISO retained higher concentrations for longer periods of 
tame bute eventuald yd stabilazedrbye24nihours:.. hese tissues 


are the kidney, bladder and intestine. The liver retained 


more,activact yw thanganyootherrnormal stissue-~ 
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14 


The. clearance of C-MISO from tumors followed the 


Same pattern as from normal tissue, but more drug was 


retained by the tumor. Uptake of on 


C-MISO by tumors was 
highly variable, even among tumors inoculated in the same 
animal. There was less variability among normal tissues 
between different animals. Injection of multiple doses of 
14-_mtso enhanced "aptake lin the tumorp2).to. 3 times more 
than in normale’ vssmes.— the activety in the tumor 
compared toi the activity in nermal tissue is shown, in”™the 
composite eraphs (Mag. 19 © 20)% Timor to tissue; ratios 
(Table T&I1) also demonstrate the enhancement. For 
example, after a single dos@“tihe tumor to tissue ratio 
for the spleen was 4.8; whereas after a multiple dose 
resimnen thegratio was 12,1. This was a 2.5 fold ancrease. 


14 


There was increased uptake of C-MISGesthroughourr'the 


body. but the revention of —cadloactivity by the tumor was 


hiener than any ‘other organ, including “the laver. Again. 


14° 


there was tremendous variability of =-MISO) convent 


among tumors. 


DISCUSSION 


14 


Following a single dose of C-MISO there is almost 


immediate widespread uptake throughout the body (49 550). 
Tissues with an excellent blood supply would be expected 


14 


to have the highest concentration of C=-MTSO" initially 


(51), and this is the case with all the tissues sampled 
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TUMOR/TISSUE FOR SINGLE DOSE *4c-mIso 
TISSUE 24 HR 36 HR 48 HR 72 HR AVERAGE 
Blood OhaS 37:6 2.4 5.6 AS 
Heart 2e a5 3.0 iol Dion 22 
Lung oral eA eA Bra 2.6 
Liver Oy O.5 Oks 0.8 0.6 
Spleen 4.9 Bras iar 6.8 ths 
Kidneys a ZG Br AVIA DO 
Stomach 1 45 13 is ew 2.3 
Intestine 3% Dea ee 8.9 423 
Colon 3 a1 3.8 220 5.8 BT 
Ovary & Uterus 6.6 Dae ied 4.5 3.8 
Bladder 364 p.0 ie? Bis Dee 
Rak Oa. Age yaar On,0 Siel6 
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Fat 
Muscle 


Brain 
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a low C-MLSO content... Thee concentrationsirof drug within 
thes braaneandigtavware:tas: scmtichrihas two-thirdsabower Tthan 
other tissues in the most extreme cases. The low 
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€oncentnata-onhor 
be expected because of MISO's octanol/water partition 
coerfiesente«- of i+r0.4¢3 (50). Att hequilpbrmation {ai rkower 
eoneentrataonatotmdrugawmould be found. Bnew ipidy conparte 
ments as opposed to water compartments. Both fat and 
brain hihaveo ath pgherweli pid hecomponent «than aves tissues 
and }theretone fwould'besexpectedrcto ilhavenavrlower suptake tof 
MiS@. 

hives biretatins ) hich concentrations “of -drue (49), 
almosStieas thichuas wtehat Aim) tumorsyt¢atteremul tipletdoses 
of MISO), because it is the body organ responsible for 
mosteehemacal detoxification pathways (52). Liver micro- 
Ssomes/araies| |knowmayto trmeduce {nitronmidazolespoasuchs as 
metronidazole] G58) ht oreproducei qnitrorandonreradicale. i Lf 
they radaealhtis 5éxposedttogioxygen there, is) mecombination 
angst saverecCurnagtos the sorrsinady compeunds HWowevers yin 
anaerobie conditrons>the, nitroranion. radicalosis further 
reduced ito af toxic) gdintermediatée. Autoradiographs of liver 


14 


exposed to C-MISO have shown a homogenous distribution 


of jthendrugi (54)« 
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Before there is a plateau in radioactivity levels at 
abound .12 to 24 ehours, there are, occasionss when the cs 
MESO" CONLENC Ltn pele rusts higher than .inatumors. There 
coukd .be .aynumber ah reasons.—torm, this. 

(1) Because higher levels only occur up to four hours 
POse JuMTEctMoOnj-~and edisappeara,after tbhat.sthere .could »be 
some radioactivity remaining at the site of the intraper- 
Leoneal»~ anjection. helhis scoul dyahave’abeen »panti,of sthe 
sample when the gut was removed. 

Cael hesamount,.of peoodmwrthin, thencastroantestinadla tract 
would.also affect the amount and clearance of radioactive 
bales ands -enzymes..secreted aby the. Jlivemrand«absorbed, by 
Che poe. wa lik. 

(3) When the gut was sampled, contents were removed but 
Somes residne ~Dioh sing radioactivity, may shave Saiveealy oe 
Cheeks Walls. 

(A) evatiabality could .be due. to -ssamplLines« Components .of 
Che weuc. coukd mou.sbe. memoved, ing thea entirety. That. us, 
Onl ywseements. Of. .uhe tract, were ,taken;y; based on p,theur 
contents.;: Segments ,of colon and intestine were removed 
according »,.bo, the vc ollowing, eriteria:,; portions ,of -}eut 
containing fluid-like material were intestine and seg- 
ments of tract holding feces were colon. 

Shin Ina taal, jhighetconcentrati.onsetin sthé».gut «may.,just 


reflect, the, normal clearance-pathway for MISO (49). 
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14,_mtso from tumors follows the 


The clearance of 
Same pattern as normal tissue, but more activity remains 
within tumors. Considering tumors as a whole group is 
difficult because of the tremendous amount of variability 
in 14¢_MIso uptake within this group. This is expected if 
the sVabelled drug Missa marker for hypoxia. Even within 


140_miso in 


the same animals thesuptake and retention of 
the -tunors vVariedsibys as much asea factor of five. Such 
differences were found in the same animal in tumors that 
were ©“anoculated ‘on “the ‘same day with the same «cel] 
suspension. The fact -that the variability was not as 
Sreat sanong mortal Cdissucs Pbetween, datferent. animals 
suggests that MISO behaves differently in a tumor 
envuronments (Clan —eL_sewnere win. tie. body. “Ihe Irate 101 
decline of concentration is probably dependent on the 
hypoxic. (rract1on “present “in” each sGumor. Normal ‘healthy 
tassues “have ‘a ~good blood ‘supply providing oxygen and 
HOGI ents. -weCuMOr wll Naver neorotrer andy hy poxi1ec tee kis 
im pAddit1on soo nea Lehy eprolaterating cells. Alt as) shach hy. 
likedy?-thatesthe MESO binds» “to, tthe (hypoxacy cells cand 
remains there, thus lowering the amount of MISO which is 
bree Stor; -eliminavwon.. Normals tissues’ do not shave “this 
laree hypoxic “component, which would bind the» MISO, and 
MISO is easily washed from the cell. Although concentra- 


tions are inatiaally hich throughout the body they do not 
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remain so because unbound MISO is easily excreted. 
Hliminata oOnvorevunis seree MISO) isi probably responsibke for 
the- 43 minutes hast, lote component of the seurve.. ~The 
amounme 06) MISOD@ retained «by normal tissue, might ‘be 
aeeripuced Gor thesemalter hypoxic fraction that. probably 
Oxas uc win alll tissues. Because of these hypoxic fractions 
Pima | ot SSucs Fy eunemerecarance rates are very “similar Lor 
alt CLissues® ancliudins: tumor but the ditferent retained 
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Setivivies sareNedue vo bound C=MESO.. By “takanyg the 
Hhalt—-lite of each findividual tassue andithen “averaging 
Chem uit.) a “halp-a te ore 55 -pours ais obtained. VIhis (is 
Vien ero tM Lar eO nt Nema tbe. Of MESO. i Msine lerice Ll 
Suspensions, 2Of unypoexrc, EPMT=6)) cells, (55). 26: Ws very 
ihekelye that (the vhialt—lrtie in yivo- could be sattribuved to 
the binding of MISO to hypoxic cells. 

Themeamouncs 01 BMiSOsibound) to. tunorse jis “even. “nore 
IMporvcany 1b ot asorealizeduthat the MISO may be bound te 
thes shypoxic ftraceran wor athe weumor, (04). The hypoxic 
fraction represents only 10 to 30% of the entire tumor. 
SO cCney LUMOrMVONMe USSie BraviOs mot 2. sFons) Lon ssingle doses 
Gexcludine JiMiverswathwas ratio) .0t 0.6) (could be-as much as 
10, times: hagher af one) were ‘looking at only) the hypoxic 
Zones, Wathan (che Ptumor.. Multiple. dose: stumert co: tissue 
natios of 4 tori se(excludingiilaver with/)atumor/tissue of 
iA )ewoulda alsowbe ws) tomdos times higherwat cone just 


Pookeds hat (“Chneseracro Tore hyvpoxie cells “onhky to normal 
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tissue. such) as concentration «in hypoxic tumor tissue 
would result in acceptable tumor to tissue ratios of 
ereater than 5;1tor liver /and might give a’ tumor’ to tissue 
racuo “Of Up ]CO wle,0, an some cases. Such signals could be 
of value in the use of gamma labelled: sensitizers as a 
elanacal tool for examining hypoxia within tumors. 

The binding of MISO to hypoxic cells can be enhanced 
by=prolonged e€xposusme tor che drug. [has was demonstrated 
Within Vitroy experiments (23).lt cells were “bathed in 
medium .containing “MESO ) Tor = 3 heurs ) under shypoxic 
Conditions, the ~ameunt, of (binding ancreased. With tumor 
MISO concentrations achieving a maximum at 30 minutes 
(55), and with a subsequent half-life of 40 minutes, 3 
hour exposure to constant concentrations was not possible 
wien single dose "MPSO7 in  yvyavo:.. To simulate prolonged 
exposure to the radiosensitizer, an initial 20ug/g body 
weight was given at time 0, followed by l10ng/g at 45 
minutes, lQug/g at 90 minutes and l0ng/g at 135 minutes. 
This was adequate Co maintain drug levels at concentra-— 
Lions. that..are Sui Grc1ent for improved ‘binding of MISO] to 
hypoxte cells’. 

Maintaining magn Suet (eCOncenitralion job 8 MLSoO0) Tora 
prolonged length of tame does increase the amount of MISO 
retained by the tumor relative to the other normal 


Gissves.  [NeCre cmom 2 vO es rOrld increase in che tumor iGo 
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tassue ratios vatcer multiple iose administration. This 
surong ly  esugeeses cial "MISO! a5 “bound: *tomethe. macro- 
moOLecules: Ob wiypoxac gcells= Otherwise there, would be no 
IMprovenent: in scumer CO tissue ratios, but just general 
increased retention of drug throughout the body. 
inereased bindrneggtssnouyas dramatic in’ Vivo as at 1s jin 
Vero. because  unlake scrssue. culture the, tumors were not 
100% hypoxic, and neither is normal tissue 100% oxygen- 
aveQau, 2 100 (36 Se@LdmIncreace, In wbIndine, Co che tumor is 
exactly what would be expected if a constant concen- 
trabion of MISO “1s Jsamitated. by. the multiple anjecGion 
procedure. (See thire.s iy). 9623). The, half-lare of MISO in 
humans is approximately 10 hours (56) and this should 
produce a greater extent of selective binding to hypoxic 
cells. 

Hrom  .themaavar ipresenivedy am (ohis tchapcer at can be 
conciuded Chav MISO sdoés have san “attinity for tunors., 
specitically. for ssvhe typowte cells in. the plumor,Atver 
elearanece. chesMl SO 7renmains neeimors: to agereater excent 
than ineany “otheratassue.. Ihesonly exception is ithe Javer 
and weenaes “changes mewhens (multiple doses are civen. rhe 
elimination of MISO follows two patterns: an early rapid 
phase with a half-life of approximately 43 minutes, anda 
slower, elimination with hatre-lite of 55 hours... The rapid 


DNAse. 26 “probab byasdue. to pclearance of sirees MISO) -and 
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desmethyl-MISO, whereas the slow phase is due to removal 
of bound metabolites. After administration of multiple 
doses the tumor retains more MISO than any normal tissue 
moraine thie Jlbiver slunor CO Gissue: ratios are improved 
Dyea wt ACUOlS Ol eee UOmrust (DY PtVing. muLciple doses. OL 
the drug. This implicates hypoxic cells as * being 
responsible for the ancrease, based on previous in vitro 
Gxperiments. (23 Jame! sabe stumor CO BEI Sssuc’ ravios for 
hypoxre “tumor ¢cells wm were (computed using a  hypoxrc 
breaction, of 10; "to 7307) as determined radiobiologically., 
PUMNOTENCO. ol SsSteratraciosmeor —40.tO -over (LOO “resulu,. Ins 
makes athe ‘proposed “clinical use of radiLosensictizers 
labelled with gamma emitting nuclides even more 


promising. 
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CHAPTER THREE 
UPTAKE OF 14¢_MISONIDAZOLE INTO THE HEARTS 
OF BALB/C MICE TREATED WITH ISOPROTERENOL 
INTRODUCTION 


MyOcardialm@asciemia Fcan be anduced by various 


methods (57). Goronary vessel ligation is one way, but 
anouner method “tes stuhe “anjection ~ of drugs. “DL-iso= 
proterenol (1[3",4'-dihydroxypheny1 ]2-isopropylamino- 
ethanol HCl ) Udo sokhved mn iia saline =can “(bes miqeeced 


initraperitonedally touinduces cardiac necrosis (55,59). The 
lesion is uniform in severity and resembles the human 
myocardial infarction as well as the experimental infarct 
preduced by “coronary ‘artery “lveation. Isoproterenol ‘can 
Mmanice intarcts in mice, (59)5 hamster (00), rats and dogs 
Gs) and) tureles, (02) ~ lta nas salso induced myocardial 
damage in patients who had received large doses of 
isoproterenol (63), although this is a rare occurrence. 
In rats the optimal infarct-producing dose is between 
5225 and 85 me/ke subcutaneously on 2 “consecutive days 
(57). Mice were shown to have focal degenerative changes 
in their hearts after one 50 mg/kg subcutaneous dose of 
isoproterenol (59). 

it art. Cane ve msiown. thaw. 1rschemia ior hypoxia can be 
inguceasin normaeerirccue, then, st could be shown that MESO 
has an affinity for hypoxic cells, whether they occur in 


normal tassue or tumor tissue. 
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RESULTS 

Upon death by cervical dislocation the mouse heart 
was removed and cut in half. Half of the heart was used 
in Liquid Bcintellation counting and the other half{jwas 
used “tor ‘autoradiographs. Liquid “scintillation counting 
of WBALB/G mouse Yheart samples has shown a substantial 
(approximately 2 Qhold) increase: in the uptake of MISO 
after treatment with isoproterenol compared with animals 
treated with saline. “See Fie. 21 atid™2-2)... There was an 
average ratio of 1.6 for those hearts treated with 75ug/e 


14¢_mIso 


wsOprevercnol per day for two days prior to 
MOomvrvstbratson. vand, anv average’ "ratio. ‘Of 220 “Lory ache 
200ug/g isoproterenol per day for 2 days. This suggests 
tlat as Mole wschemic damage is anduced in the hearts! of 
mice there is more 14-_mtso bound j; to jheart tissue, 
andicative of hypoxic cells. 
DISCUSSION 

ASSOC laved whl tChe "ZONE OL, Aanharceuon in the heart 
Lom anwar ea Ol Scheme or vypoxice cells vandai1t) tee hoped 
viat tne. MESO “woucdehave an vatfanity Lor these, cells. as 
DEP appears vO an Lhewcumor. he studies descrabed ain this 
thesis show that there is 2 fold increase in MISO uptake 
in the hearts of mice treated with isoproterenol over 


14 


those with just saline. Increased uptake of C-MISO into 
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Fie. 24 14 CLMISO uptake into the héarts of BALB/C 


mice treated with 75yg/g isoproterenol (@) 


compared to controls (4). 
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mice treated with 200ng/g 1soprotereno|l 


(@) compared to controls (4). 
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heart tissue was associated with increased doses’ of 
isoproterenol ‘ory increased aschemia. This is “consistent 
with the faceUwunatecnere 15 a close correlation between 
the amount of @soproterenol given and the severity of 
necrosis that occurs in the heart (58). A larger necrotic 
area would” be tmore ww rikety, to, have, a ibigrer hypoxic or 
ischemic zone for which the MISO would have an affinity. 
Histological yexamanation sof the \hearts showed that 
myocardial ischemia was’ present. (See Plates C&D). 


Attempts to demonstrate oe 


C=MESOP ip takes (wach) autonradi o- 
graphy were unsuccessful possibly due to anteractiron of 
the stain with the photographic emulsion. The increased 


14¢_MIso in the ischemic hearts suggests that 


uptake of 
MISO does have an dale ini cy eer Ormaliy pox LCwee lls mmawheGhier 


they are in tumorsPor ascnenre hearus: 
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Plate ©C.) Myocardial iniaretion control “‘speemmen demon- 
stravine. HBF PP.) Satan. Healthy tissue is yellowish 


brown and intaretved tissue is red. 
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Plate De Isoproterenol treated heart stained with 
the HBFP stain. Healthy tissue is yellowish brown 
and infarcted tissue is red Attempts to show 14¢_mtso 


uptake with autoradiograph techniques were unsuccessful. 
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CHAPTER FOUR 
WHOLE BODY AUTORADIOGRAPHS SHOWING DISTRIBUTION 
OF 14¢_MISONIDAZOLE IN BALB/C MICE 
BEARING EMT-6 TUMORS 

INTRODUCTION 

The technique of whole body autoradiography was 
first developed by Sven Ullberg to study the distribution 
of SSS areal ayeratied il gaa imomuce O0jm Accordine to Rogers 
(67), .this qualitative method of “studying the distri- 
bution of drugs has several advantages over the quanti- 
tative,,method of Vsampling, tissues, with liquid scintil— 
tation counting. When sampling, Cissues a decision must. be 
made .as to which tissues will be examined for their 
radioactive content. Whole body autoradiography surveys 
all tissues and organs impartially. Whole body autoradio- 
Sraphs also (pRovider avi sla ledemonsceration, of the JIioquad 
scintillation data which is presented in graphs and 
tables. It is much easier to see the increased uptake in 
some organs relative (to others jsimply by ,looking at. one 
whole body autoradvogcraph., In the case of the, research of 
this thesis, whole body autoradiographs provide indepen- 
dent confirmation of data obtained using liquid scintil- 


lation techniques. 
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RESULTS 

Whole body autoradiographs obtained at Brookhaven 
National Laboratory, New York, showed high uptake in the 
tumors andiyiiver se income scasesy Unere was high uptake in 
the gut and what could be the bladder. Mice were killed 
24 hours post single onremultiple angection. (See Plates E 
oF) 

Uptake within the tumors was heterogenous. The 
dr etraputies OrMbad Oactavicyewiuitin the liver and other 
normal tissue appeared more homogenous. 

DISCUSSION 

These resul¢es” provide Jaliqualitative representation 
of the quanGrGariveldavassnown an sChapter Two. The high 
uptake inpeehem@mitver= was expectedsin view of previous 
findings. Thewsecvirons showing fhalsheuptake in the gut and 


14¢_mtso from the 


bladder iandtcave. Chere limmaclonvotethe 
body. 14¢_mIso appears vom naveseleared out of all the 
other organs within 24 hours. 

The mostaunmportane observations s, the high uptake in 
the tumors woo Ccosmare. locaveds atone the back of the 
mouse. Notonlyveeree theresa. hicheatpeake of drug into the 
tumors butw@therce a) -onpappears,torme a localization of the 
drug intovaredomewittoan tne stunorwelhis suggests that the 


hypoxic siractvronewienin -cachwcumor is shaehly variablemin 


degree and pattern. There does not appear to be a 
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homogenous’) distribution of MISO within the tumors as 
where, isan tbheSliver., his sucsests that, although there 
may. be a hypoxic erraccion in normals tissues, 1. I2S7nov of 
the Same, natureras t nemnypox culraccronsbound tn CuMoOrs. 
These autoradiographs visually demonstrate the 
Pquid scintallatvons bi 0d1 stripe ton madea sand 9 Piluecher 
encourage the use of a gamma-labelled radiosensitizer as 


emprobe: tor (hypoxia fe CumMoOwcr. 
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GENERAL DISCUSSION AND CONCLUSIONS 

Experimencus. “described ain (this) thesis have (demon— 
strated that the amount of radiolabelled MISO retained by 
tumors atter a sangle dose is substantially higher than 
by any other tissue, except the liver. The amount of MISO 
retained by the tumor atter multiple doses 1s higher than 
any other tissue inciudine the liver. brsonry, theshypoxre 
Cells within. the, Cumor Pare’ considered, ‘the tumor), co 
tissue ratios are even more dramatic; at least 3 to 10 
eimes higher. 

MISO clearance follows two phases: a rapid phase (43 
min half life) showing the release of free MISO and its 
major metabolite desmethyl MISO, and a slower phase (55 
he halt ~late)  indacating) thertrelaminatvicu somesehie pound 
ecuuct. In hypoxwe ~cCe bls (ewict here une vane ove ivenicalGhiy 
tissue or tumors. The residual amount of 14 0¢_MISsoO in 
tumor and normal tissues is likely to be bound MISO whose 
halielite, as, similar, vo, theyhali— line. on el oOnadduces: sin 
mammalian cells in vitro. It is suggested that the 
hypoxic cells) in, thes tumors sate mie cpons1 bear ore che 
imereased retention of the MISO. This isesvbstantiaved. by 
the multiple dose data which show increased binding of 
MISO to mammalian cells with increased exposure time, and 
by the asoproterenol resule’s, (which show that: MLSO; does 
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hypoxia. Whole body autoradiographs visually demonstrated 
MISO 'S atiinity for scumors and possibly the hypoxic cells 
within. 

Such results are further encouragement to the use of 
radiosensitizers labelled with gamma emitting nuclides 
for noninvasive investigations of hypoxia either within a 
tumor or in the myocardium as the result of myocardial 
inparct2on.. By, determining tthe vextenum ror hy poxiagin —a 
tumor the Tradzation therapy (~recinen could be, adjusted 
accordingly. Jt a Large portion. of (the tumor ~contained 
hypoxic cells, measures to overcome their radioresistance 
coulde be ‘taken. such, methods agncludéey usin’ enyperparric 
oxygen, pretherapy transfusions, fractionated radio- 
therapy and chemacal radiosensitizers. such as. MISO. As 
treatment progressed, the extent of hypoxia could also be 
monitored. Such an investigative tool would be of 


Significant value in tumor treatment planning. 
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